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Introduction: Left ventricular (LV) twist is considered an essential part of LV function due to oppositely
directed LV basal and apical rotations. Several factors could play a role in determining LV rotational
mechanics in normal circumstances. This study aimed to investigate the relationship between LV rotational
mechanics and mitral annular (MA) size and function in healthy subjects. Methods: The study comprised
118 healthy adult volunteers (mean age: 31.5 ± 11.8 years, 50 males). All subjects had undergone complete
two-dimensional (2D) Doppler echocardiography and three-dimensional speckle-tracking echocardiogra-
phy (3DSTE) at the same time by the same echocardiography equipment. Results: The normal mean LV
apical and basal rotations proved to be 9.57 ± 3.33 and 3.75 ± 1.988, respectively. LV apical rotation
correlated with end-systolic MA diameter, area, perimeter, fractional area change, and fractional short-
ening, but did not correlate with any end-diastolic mitral annular morphologic parameters. The logisticpCorresponding author. Semmelweis street 8, P.O. Box 427, Szeged, H-6725, Hungary. Tel: 36 62 545220; Fax: 36
62 544568, E-mail: nemes.attila@med.u-szeged.hu
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146 Physiology International 107 (2020) 1, 145–154regression model identified MA fractional area change as an independent predictor of ≤68 left ventricular
apical rotation (P < 0.003). Conclusions: Correlations could be detected between apical LV rotation and
end-systolic MA size and function, suggesting relationships between MA dimensions and function and LV
rotational mechanics.
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Left ventricular (LV) twist is considered an essential part of LV function due to oppositely
directed LV basal and apical rotation [8, 11]. Non-invasive techniques such as magnetic reso-
nance imaging and three-dimensional (3D) speckle-tracking echocardiography (3DSTE) are
useful to estimate LV twist dynamics in clinical settings [2, 7]. 3DSTE has been validated for the
assessment of LV rotational mechanics [16], and normal ranges for 3DSTE-derived parameters
in pediatric [15] and adult [4, 12] populations have also been demonstrated. The exact
assessment of mitral annular (MA) size and function in routine clinical practice is also essential
due to their changes in different pathological states. 3D echocardiographic evaluation of
morphologic and functional aspects of MA has been demonstrated and validated [1, 9]. How-
ever, little is known about their relationship with LV rotational mechanics even in normal
circumstances. Therefore, we used 3DSTE to investigate the relationship between LV rotational
mechanics and MA size and function in healthy subjects.METHODS
Subjects
The study comprised 118 healthy adult volunteers (mean age: 31.5 ± 11.8 years, 50 males) who
were primarily recruited on voluntary basis. None of them had risk factors, known diseases or
other conditions or received medications which could theoretically affect the results. All subjects
had undergone complete two-dimensional (2D) Doppler echocardiography and 3DSTE at the
same time by the same echocardiography equipment. The results presented are a part of the
Motion Analysis of the heart and Great vessels bY three-dimensionAl speckle-tRacking echo-
cardiography in Healthy subjects (MAGYAR-Healthy) Study, which was organized in the
Cardiology Center of University of Szeged. This study aimed to assess, among others, the clinical
significance of 3DSTE-derived parameters in healthy subjects (“magyar” means “Hungarian” in
Hungarian language). Informed consent was obtained from all subjects, and the Ethics Com-
mittee of the University of Szeged, Hungary approved the study.
Two-dimensional echocardiography
2D Doppler echocardiography was used in all subjects with a commercially available ultrasonic
device (Toshiba Artida; Toshiba Medical Systems, Tokyo, Japan) using a PST-30SBP (1–5
MHz) phased-array transducer to measure LV diameters and volumes respecting the cardiacBrought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
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valvular abnormalities.
3DSTE-derived data acquisition and quantitative analysis
The same Toshiba Artida ultrasound system was used with a fully sampled PST-25SX matrix-
array transducer (Toshiba Medical Systems, Tokyo, Japan) with 3D capability. 3D pyramidal
data acquisitions were performed with regard to recent practices. To reach optimal temporal and
spatial resolution, depth and angle were adjusted. Six consecutive cardiac cycles were used to
acquire 6 R-wave-triggered LV subvolumes during one breath-hold, from which a pyramid-
shaped 3D full volume was formed by the software. 3D Wall Motion Tracking software version
2.7 (Toshiba Artida; Toshiba Medical Systems, Tokyo, Japan) was used for quantitative
analysis. The mean volume rate was 24 ± 3 vps in our practice.
3DSTE-derived LV rotational parameters
Three short-axis views at different LV levels and the apical two- (AP2CH) and four-chamber
(AP4CH) views were selected automatically from the 3D echocardiographic pyramidal dataset at
end-diastole by the software [2]. On the apical AP2CH and AP4CH views, three points were
selected for 3D reconstruction of the endocardial surface: two points were selected at the edges
of the mitral valve and one was selected at the apex. Subsequently, the endocardial surface was
manually adjusted in all apical and short-axis views. Then, the 3D endocardial surface was
automatically reconstructed and tracked in 3D space throughout the cardiac cycle. Curves for
quantification of LV apical and basal rotations were generated by the software (Fig. 1).
3DSTE-derived MA measurements
A recently demonstrated simple method was used for MA assessments. Briefly, to calculate
morphological MA parameters at end-diastole and end-systole, the short-axis reconstructed MA
view was positioned at the level of MA, where AP2CH and AP4CH views helped to find optimal
endpoints of the MA (Fig. 2) [9]:
MA morphologic parameters.
– MA short or septolateral diameter, defined as the perpendicular line drawn from the peak of
MA curvature to the middle of the straight MA border both at end-diastole (just before mitral
valve closure) and end-systole (just before mitral valve opening),
– MA area, measured at end-diastole and at end-systole by planimetry,
– MA perimeter, measured at end-diastole and at end-systole by planimetry,MA functional parameters.
– MA fractional shortening (MAFS), defined as: (end-diastolic MA diameter - end-systolic MA
diameter)/(end-diastolic MA diameter 3 100), and
– MA fractional area change (MAFAC), defined as: (end-diastolic MA area - end-systolic MA
area)/(end-diastolic MA area 3 100)Brought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
Figure 1. Apical two- and four-chamber views and 3 short axis views at different left ventricular levels in a
healthy woman are presented. Global and apical (white arrow), midventricular and basal (dashed arrow)
regional left ventricular rotation curves detected by three-dimensional speckle-tracking echocardiography
are demonstrated. The adequate rotational directions are: counterclockwise motion of the left ventricular
apex expressed with positive values (white arrow, blue colored) and clockwise rotation of the left ventricular
base with negative values (dashed arrow, red colored).Abbreviations: LA 5 left atrium, LV 5 left ventricle,
RA 5 right atrium, RV 5 right ventricle
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Quantitative data were expressed as mean ± standard deviation. For all analyses, two-sided P <
0.05 was defined as statistical significance. Pearson's coefficient was calculated to examine
correlations between parameters featuring MA morphology and function and LV rotational
mechanics. To establish the prognostic power of MA morphologic and functional parameters in
predicting reduced LV apical and basal rotations, receiver operator curves were constructed and
the area under the curve was reported with sensitivity and specificity values. Univariate analysis
of factors (end-systolic and end-diastolic MA diameter, area, perimeter, fractional area change,
and fractional shortening) was performed. Significant variables from univariable analysis (P <
0.10) were integrated into multivariable analysis for assessment of independent predictors of ≤68Brought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
Figure 2. Images from three-dimensional full-volume dataset showing left ventricle in a healthy case: (A)
apical four-chamber view, (B) apical two-chamber view and a cross-sectional view at the level of the mitral
annulus (C7) optimized on apical four- and two-chamber views.Abbreviations: Area 5mitral annular area,
Circ 5 mitral annular perimeter, Dist 5 mitral annular diameter, LA 5 left atrium, LV 5 left ventricle,
RA 5 right atrium, RV 5 right ventricle
Physiology International 107 (2020) 1, 145–154 149LV apical rotation and ≤28 LV basal rotation (approximated mean minus standard deviation).
Commercially available MedCalc software was used for statistical calculations (MedCalc,
Mariakerke, Belgium).RESULTS
Clinical data
Routine 2D Doppler echocardiography showed normal results (left atrium: 38.7 ± 2.7 mm, LV
end-systolic diameter: 48.7 ± 2.5 mm, LV end-diastolic diameter: 32.6 ± 2.6 mm, interven-
tricular septum: 9.0 ± 0.9 mm, LV posterior wall: 8.9 ± 0.8 mm, LV ejection fraction: 65.6 ±
2.9%). None of the healthy subjects had grade ≥ 1 valvular regurgitation or significant valvular
stenosis. 3DSTE data are presented in Table 1.
The relationship between MA size and function and LV apical rotation
The normal mean LV apical rotation proved to be 9.57 ± 3.338. Patients with higher than
average LV apical rotation had lower systolic MA diameter, area and perimeter, but MA
functional properties (MAFAC and MAFS) proved to be increased (Table 1). Moreover, LVBrought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
Table 1. Three-dimensional speckle-tracking echocardiographic data of healthy subjects and their relationship to left ventricular rotational parameters
All
(n 5 118)
LV apical
rotation ≤ 9.578
(n 5 53)
LV apical
rotation > 9.578
(n 5 65)
LV basal
rotation ≤ 3.758
(n 5 49)
LV basal
rotation > 3.758
(n 5 69)
LV volumetric data
End-diastolic
LV volume (mL)
86.04±24.96 88.70±24.33 84.23±25.89 86.78±24.07 86.13±25.91
End-systolic
LV volume (mL)
36.60±10.97 37.91±10.51 35.07±11.65 35.69±10.83 37.24±11.19
LV ejection fraction (%) 57.98±5.15 57.79±5.40 58.44±5.13 58.97±4.95 57.28±5.25
LV rotational parameters
LV apical rotation (degree) 9.57±3.33 7.38±1.90 12.42±2.42* 8.86±3.26 10.08±3.34y
LV basal rotation (degree) 3.75±1.98 4.05±1.90 3.36±1.94* 5.56±1.67 2.47±0.90y
MA parameters
End-diastolic MA diameter
(cm)
2.44±0.45 2.44±0.47 2.44±0.47 2.45±0.47 2.42±0.45
End-diastolic MA area (cm2) 7.14±2.10 7.04±2.17 7.22±2.05 7.14±1.98 7.14±2.20
End-diastolic MA
perimeter (cm)
10.10±1.41 9.99±1.43 10.18±1.39 10.08±1.33 10.10±1.48
End-systolic MA diameter
(cm)
1.62±0.38 1.73±0.36 1.48±0.37* 1.62±0.38 1.63±0.39
End-systolic MA area (cm2) 3.47±1.18 3.73±1.19 3.11±1.08* 3.54±1.01 3.42±1.30
End-systolic MA
perimeter (cm)
7.12±1.15 7.35±1.11 6.80±1.13* 7.26±0.95 7.02±1.28
MA fractional
area change (%)
49.80±14.82 44.99±14.77 55.98±12.20* 49.08±12.28 50.31±16.55
MA fractional
shortening (%)
32.29±15.26 28.19±14.13 38.06±15.26* 32.96±15.10 31.81±15.57
*P < 0.05 vs. LV basal rotation ≤3.758.
yP < 0.01 vs. LV apical rotation ≤9.578.
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Figure 3. Receiver operating characteristic analyses illustrating the diagnostic accuracy of MA fractional
area change (MAFAC), MA fractional shortening (MAFS), end-systolic MA diameter (MAD-S), end-
systolic MA area (MAA-S) and end-systolic MA perimeter (MAP-S) in predicting reduced (≤68) left
ventricular apical rotation
Physiology International 107 (2020) 1, 145–154 151apical rotation correlated with end-systolic MA diameter (r 50.320, p 5 0.0004), end-
systolic MA area (r 50.309, p 5 0.0007), end-systolic MA perimeter (r 50.314, p 5
0.0005), MAFAC (r 50.439, p < 0.0001) and MAFS (r 50.350, p 5 0.0001), but did not
correlate with any end-diastolic MA morphologic parameters. Less than 68 LV apical rotation
was considered to be reduced. The diagnostic accuracy of MAFAC, MAFS, end-systolic MA
diameter, area and perimeter in predicting ≤68 LV apical rotation is demonstrated in Fig. 3.
The logistic regression model identified MA fractional area change as an independent pre-
dictor of ≤68 LV apical rotation (P < 0.003).
The relationship between MA size and function and LV basal rotation
The normal mean LV basal rotation was considered to be 3.75 ± 1.988. No relationship could
be detected between LV basal rotation and the above mentioned 3DSTE parameters. LV basal
rotation did not correlate with any MA morphologic or functional parameter. If less than 28
LV basal rotation was considered to be reduced, none of the MA parameters was found to
predict reduced LV basal rotation.DISCUSSION
The LV ejection is not simply the result of the contraction of myocardial fibers, but is
significantly affected by the twisting motion of the LV. In normal circumstances, LV baseBrought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
152 Physiology International 107 (2020) 1, 145–154rotates in clockwise direction and LV apex rotates in counterclockwise direction resulting in a
towel-wringing motion called LV twist [6]. According to Nakatani, LV twist is significantly
governed by the degree of contraction and relaxation of the myocardium, the balance between
contraction of the subendocardium and subepicardium and the orientation of the myocardial
fibers [6]. However, several physiologic determinants of LV twist are known including age,
changes of loading and contractility, and the effect of exercise. Moreover, myocardial
structural abnormalities could also have an impact on LV twist [10]. Newer echocardio-
graphic techniques including 3DSTE are demonstrated to be feasible for non-invasive
quantification of LV rotational mechanics [16]. Due to recent guidelines, 2D speckle-tracking
echocardiographic evaluation of LV rotational mechanics is not suggested, only its 3DSTE
evaluation is preferred [14].
The MA is a crucial and dynamic structure and is a tightly coupled component of the mitral
valve-left atrium-LV complex that aids in effective and efficient valve closure and unimpeded LV
filling [13]. 3D echocardiography allows detailed assessment of MA measures respecting the
cardiac cycle [1, 9]. In normal hearts, LV twist mechanics are load-dependent [10], the load is
theoretized to be affected by MA size and function. Therefore, the present study aimed to assess
whether MA morphologic and functional properties affect and predict LV rotational features in
healthy circumstances. In recent studies, different LV-related pathologic states involving the
mitral valve were found to be related to LV rotational mechanics. For instance, peak LV twist,
peak LV twist rate, and LV torsion were increased in the presence of MA calcification, and these
parameters correlated with the presence and the severity of MA calcification [3]. In another
study, impaired basal rotational mechanics occurring after an inferior-posterior myocardial
infarction were found to be associated with increased mitral regurgitation [17]. The importance
of the present study is that relationships could be confirmed between LV apical rotation and MA
end-systolic morphology and MA function even in healthy subjects without calcification or
regurgitation. Moreover, end-systolic MA measures and MA functional properties showed
prognostic impact in predicting reduced (≤68) LV apical rotation, and MAFAC was found to be
an independent predictor of reduced LV apical rotation.LIMITATION SECTION
Several important issues arose during assessments. The most important ones are listed below:
– A young population of healthy subjects was examined, and the conclusions may not translate
into healthy elderly, which should be considered as a significant limitation of this study.
– 3DSTE is a relatively new methodology with low spatial and temporal resolution. These
technical limitations could affect the results, and should be considered when interpreting the
results.
– LV strain assessments and volumetric and functional characterization of heart chambers
other than LV were not aimed in this study.
– Only in-plane MA motion and function were analyzed in this study. Although analysis of the
MA movement along the LV long-axis is also possible [7], it was not aimed to be measured
and compared to other parameters in this particular study.
– Single vendor measurements were performed, which could be considered as a potential
limitation.Brought to you by University of Szeged | Unauthenticated | Downloaded 07/02/20 07:17 AM UTC
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Correlations could be detected between apical left ventricular rotation and end-systolic MA size
and function, suggesting relationships between MA dimensions and function and LV rotational
mechanics.
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